The guidelines indicate that patients should be out of bed and prevented from sleeping between tests, but also indicate that the MSLT can be performed on bedridden inpatients without providing empirical support for either suggestion.
Short MSLT latencies observed in normal young adults under standard testing conditions have been attributed to either chronic partial sleep deprivation or trait personality factors. 8, 9 At the other end of the spectrum, the short sleep time and the long MSLT latencies of psychophysiologic insomniacs have been hypothesized to be the result of hyperarousal. 10, 11 In support of such a hypothesis, Kronholm et al 12 found that psychophysiologic arousal was one of the strongest independent predictors of MSLT latency using a multivariate approach. These findings led to the hypothesis that altering arousal level in normal subjects could also have a significant impact upon their MSLT values.
Under controlled conditions, heart rate has commonly been used as an operational definition of arousal level. For example, studies have shown that heart rate is higher in people who are sitting up (as compared to lying down), 13 standing, 14, 15 performing tasks such as mental arithmetic, 16, 17 or involved in real-world activities varying in difficulty. 18, 19 In the current study, heart rate was measured during sleep latency tests as an independent indicator of residual arousal from preceding activity.
In this experiment, the relative role of sleepiness and arousal in the determination of objective sleep latency was measured by independently varying arousal level (activity) and sleepiness (partial sleep deprivation). It was hypothesized that sleep latencies following a normal daytime activity such as walking would be significantly longer than those following inactivity (watching television). It was also hypothesized that sleep deprivation would decrease sleep latency in both conditions, but that the impact of physiological arousal would be greater in magnitude than that of partial sleep deprivation.
METHODS

Subjects
Potential subjects were solicited from the university environment and completed an extensive sleep and medical questionnaire. Selected subjects were required to be healthy 18-to 35-year-old males or females without significant history of shift work or benzodiazepine use. Potential subjects using more than 250 mg of caffeine daily were excluded. Selected subjects denied problems with their sleep. Specifically, they reported that their sleep latency was less than 30 minutes and that they were not bothered by frequent awakenings or early morning awakening. They reported that they usually did not take naps on weekdays. They reported that their usual time in bed on weekdays was between 7 and 9 hours. Individuals meeting these criteria and expressing an interest in participating in the study were invited to the laboratory to complete a practice session on study tests before being scheduled for the study.
Time
All protocol and nap times cited in this paper were specified for a subject who normally went to bed at 23:00 and arose at 07:00. For subjects who normally went to bed somewhat later (or earlier), bedtime and wake-up time were adjusted to approximate normal weekday times. Testing and sleep latency tests were correspondingly moved to maintain similar circadian timing for all Ss on all nights.
Design
Six subjects had their nocturnal sleep periods and MSLT evaluations in the laboratory, and six Ss slept at home and had their MSLT evaluations in the laboratory.
Lab-sleep subjectsSubjects spent two sessions of 2 consecutive nights in the laboratory. The initial night of each of the two periods was an adaptation night. These data are not included in data later referred to as baseline, but were similar to the baseline data. On the following morning, subjects completed computer tests and were allowed to leave the laboratory until the evening, with the request that they avoid naps and unusual behavior (such as more or less than usual activity, exercise, stress, or eating). When Ss returned, they had EEG-recording electrodes applied, performed practice computer tests, and were put in bed at their normal bedtime (during one week). On the other counterbalanced week, Ss were limited to half of their normal time in bed on the second night. This was achieved by keeping Ss awake in the laboratory until the middle of their normal sleep period and then allowing them to go to bed until their normal time of arising.
Home-sleep subjectsHome-sleep subjects were selected in the same manner as laboratory-sleep subjects. In addition, all home-sleep subjects spent at least 1 screening night in the laboratory to determine that they had normal sleep. However, for the study, home-sleep subjects slept at home on all 4 study nights, and came to the laboratory in the morning after arising to perform the lab tests and sleep latency tests. After arriving in the laboratory, they completed post-sleep questionnaires detailing that their sleep on the preceding night was as directed.
During the day following the second night of both weeks, all Ss remained at the laboratory, where they took part in a modified MSLT protocol and performed brief computer tests. The daytime schedule is summarized in Table 1 . During this day, Ss were fed standard meals. The daytime protocol was divided into four blocks (see table) . EEG and EKG were recorded throughout all of the blocks except when Ss were walking. EEG was monitored to assure wakefulness throughout all periods except the MSLT (when sleep was allowed). Each block started with 10 minutes of standard computer tests and was followed by either 15 minutes of watching television while lying in bed or 5 minutes of walking around the hospital building. Immediately after the walk or at the end of 15 minutes of television, Ss were placed in bed and MSLT calibrations were performed. Lights were turned out and MSLT tests begun in 3-4 minutes. After the MSLT, Ss had a 15-minute break and then began the computer test cycle again. After the computer tests, Ss underwent the preMSLT activity that they had not undergone during the prior MSLT.
Half of the Ss took the tests in the order specified in Table 1 . The other half had the order of television viewing and walk reversed in all of their test blocks. The two MSLT evaluations in each block were always paired in comparisons. The times in the figures, therefore, are the midpoint time from each of the four test blocks.
All subjects were assigned their own rooms for the course of the study. Each room contained a standard hospital bed and furniture, including a desk with an Apple IIGS computer. Subjects participated in the study in groups of one or two individuals. Subjects completed tests and questionnaires at their individual computer workstations under technician observation. Meals and breaks were scheduled in another area of the laboratory, also within technician observation. Caffeinated beverages were not available.
Performance and mood were assessed with a battery of measures, including the digit-symbol substitution task from the WAIS (5 minutes), 12 subjective sleepiness (10-point visual analog scale), Profile of Mood States (POMS), and oral temperature. In this study, the tests were used primarily to provide a period of consistent control activity. Except for subjective sleep report measures, the data were not analyzed.
Sleep recordings (LE -A2, RE -A2, C3 -A2, OZ -A1, V5 -right clavicle, and time code) were made during nocturnal sleep periods, naps, and MSLT evaluations. On the first night in the laboratory, airflow, chest movements and leg EMG were also measured so that any subject found to have sleep apnea or periodic leg movements could be excluded from the study. No subjects were excluded for these reasons. All sleep and nap recordings were scored in 30-second epochs using Rechtschaffen and Kales 20 criteria.
Sleep latency tests.On each day in the laboratory, half of the subjects had four sleep latency tests following periods of resting wakefulness (08:30, 11:00, 13:30, and 16:00) and four sleep latency tests following 5-minute walks (09:30, 12:00, 14:30, and 17:00). The other six Ss had sleep latency tests following 5-minute walks at 08:20, 10:50, 13:20, and 15:50, and following resting periods at 09:30, 12:00, 14:30, and 17:00. Each test block began with Ss performing 10 minutes of computer tests while sitting at desks in their bedrooms. At the completion of these tests, Ss either began a resting-wake session or took a walk.
Resting wake.For resting-wake observations, Ss lay down in bed and watched a television placed in an elevated position at the foot of the bed. The room lights remained on. Ss were told to lie in bed and to stay awake. EEG was monitored continuously for the 15 minutes of the test, and the technician was instructed to interact with the subject if eye closure was noted on the video monitor, or if signs of impending stage-1 sleep were noted on the polygraph. At the end of the 15 minutes, the technician entered the room, told the subject the nap would be next, and turned off the television and room lights. Sleep latency test calibrations and the sleep latency test followed immediately.
Five-minute walk.Subjects were instructed to take a 5-minute walk. This walk usually included walking down two flights of stairs to the ground floor and walking around on the first floor or outside of the sleep laboratory building. As such, it was common for subjects to be exposed to other patients, bright light, and moderate temperature change (data for this study were collected in spring and summer). Ss were not given a specific course, distance, or pace. The walk was designed primarily as a 5-minute break from the laboratory to induce stimulation common to patients in an outpatient hospital environment. When subjects returned from the walk, they removed their shoes and were reconnected to the polygraph machine. Room lights were turned out, and the sleep latency test calibrations began. Following standard calibrations, 7 research sleep latency tests were performed. Ss were allowed a maximum of 20 minutes in bed. However, Ss were awakened earlier and the test terminated if sleep spindles, K-complexes, or REMs occurred. Sleep latency was scored in 30-second epochs to the onset of any stage of sleep (usually stage 1). The sleep latency tests in this study differed from the standard MSLT 7 in the following respects: (1) the standards specify 2-hour intervals between tests, while tests in this study occurred more frequently (60-90 minutes); (2) it is suggested that vigorous activity be suspended 15 minutes before each test. However, walking is almost always present when the MSLT is given and is not considered to be a vigorous activity for healthy young adults; (3) it is suggested, except for bedridden inpatients, that patients be out of bed between MSLT evaluations. These latter two differenceswalking and lying in bed watching televisionare the experimental manipulations used in the current study.
EKG data collection.Throughout the daytime test sessions, EKG data were digitized by a National Instruments NB-MIO-16 AD board sampling at a rate of 500 samples per second. A time code was digitized by a second channel on the AD board, and also printed out on
After collection, the EKG and time data were visualized and checked for artifacts with the LabView software and output to a separate peak-detection program used to construct the tachogram and associated time code. As indicated earlier, heart rate data were recorded during all computer tests, periods of watching television, and MSLT. Mean heart interbeat intervals for consecutive 5-minute periods during the MSLT will be reported.
Analyses
Data were analyzed by repeated-measures ANOVA with terms for activity level (walk or television watching), prior sleep (baseline or partial sleep loss), time of test (four times of day), and interaction. Pairwise comparisons were performed with the Newman-Keuls test at the .05 significance level using the Huynh-Feldt corrected degrees of freedom. All reported results in the text will refer to statistically significant differences (p<.05), except where noted otherwise.
RESULTS
Thirteen normal young adults, age 25 (sd 3.7), participated in the study. Six subjects were female. Seven subjects slept in the laboratory as described earlier. One of these Ss had one or more epochs of stage-1 sleep on two occasions while lying in bed watching television prior to the MSLT. To avoid any influence of this sleep upon the results, data from this S were dropped prior to analysis. The subjects who slept at home did not differ systematically in any way from those sleeping in the laboratory. Specifically, the MSLT data were analyzed with a term for home or lab sleep. This ANOVA had no significant interactions for site of sleep, and thus indicated that site made no differential contribution to the results.
Sleep Data
EEG data from the baseline night and partialsleepdeprivation night prior to daytime sleep latency testing are presented in Table 2 for the subjects who slept in the lab. As can be seen from the table, subjects slept well on their baseline night, and had total sleep time reduced from 459 to 232 minutes on the partial-sleep-deprivation night.
Subjective sleep data from all subjects indicated total sleep times of 7.7 and 4.1 hours respectively on baseline and partialsleep-deprivation nights. 
MSLT Data
MSLT data are plotted in Fig. 1 . The ANOVA indicated no significant interactions. However, large, consistent main effects were found for prenap activity (F1,11=88.5, p<.0001) and partial sleep deprivation (F1,11=11.2, p=.007). The mean sleep latency on naps following the walk was 11.6 minutes (sd 5.3), and following inactivity was 5.8 minutes (sd 5.0). MSLT latencies averaged 9.8 minutes (sd 5.2) following baseline sleep compared with 7.6 minutes (sd 5.2) after partial sleep deprivation. Following baseline sleep, MSLT latencies in the active and inactive conditions were respectively 13.0 (sd 5.2) and 6.7 (sd 5.2) minutes.
Sleep latency data were similar for subjects who slept in the laboratory and at home. Following the normal night of sleep, respective means for the sleep-at-home and sleepin-lab groups were 7.8 (sd 4.5) and 8.0 (sd 6.9) for the resting condition, and 14.2 (sd 4.0) and 14.5 (sd 5.6) minutes for the walk condition. Following the partial sleep deprivation, respective means for the sleep-at-home and sleep-inlab groups were 6.7 (sd 4.0) and 2.9 (sd 2.3) for the resting condition, and 12.9 (sd 4.8) and 7.9 (sd 4.1) minutes for the walk condition.
EKG Data
The average interbeat interval from the first and last 5-minute segments of each MSLT were entered into a repeated-measures ANOVA with terms for sleep deprivation (two levels), first or last 5-minute period (two levels), walk or TV condition (two levels), and time of day (four levels). These data are plotted in Fig. 2 . There were no significant interactions. The main effect for sleep deprivation was not significant (F1,11=0.00, NS). The main effect for first or last MSLT epoch was significant (F1,11=26.74, p<.001), and indicated that heart period became longer in all MSLT evaluations from beginning to end (respective heart period means were .988 and 1.036, which can be converted to heart rates of 60.7 vs 57.9 beats per minute [bpm]). The main effect for walking or television prior to the MSLT was significant (F1,11=13.98, p=.003), and indicated that heart period was longer in MSLT evaluations following television-watching than walking (respective heart period means were 1.032 and .9918, which can be converted to heart rates of 58.1 vs 60.5 bpm). The main effect for time of day was significant (F3,33=9.66, p=.003). Pairwise comparisons indicated that heart period was longer in the second MSLT evaluation as compared to the third (respective heart period means were 1.053 and 0.966, which can be converted to heart rates of 57.0 and 62.1 bpm).
DISCUSSION
As expected, partial sleep deprivation was successful in reducing total sleep to approximately 3.9 hours. This sleep reduction significantly decreased sleep latency, as measured by the MSLT, by an average of 2.2 minutes. This 2.2-minute decrease in MSLT after 3.9 hours of sleep was similar to the 2.4-minute reduction in MSLT after 1 night of 5 hours in bed in a previous sleep-restriction study. 3 The brief walk had a significant impact on heart rate. The average increase in heart rate related to the walk was numerically small (2.4 bpm), but heart rate remained consistently elevated throughout MSLT evaluations following the walk. These data indicate that the walk did produce physiologic activation.
The data strongly support the contention that sleepi- ness, as measured by sleep latency, varied as a function of the activity which preceded the test. MSLT latencies were reduced overall by 5.8 minutes when subjects relaxed in bed and watched television prior to the sleep latency test as compared to walking. The magnitude of this change is very large when placed into the context of the literature. For example, Carskadon and Dement, 2 in the study of total sleep deprivation used to validate the MSLT, found a decrease in sleep latency of about 5 minutes on the average in MSLTs given at 10:00, 12:00, 14:00, 16:00, and 18:00 after 1 night of total sleep deprivation.
One criticism of the current study is that half of the subjects slept at home without EEG monitoring. If anything, this would be expected to add increased variability to the data and to make it less likely that we would find significant differences for the main hypothesis. In truth, the data are so robust that the same significant results could be found in both halves of the data set. Each of the 12 subjects in this study had four nap comparisons after normal sleep and four nap comparisons after sleep deprivation. Of the 48 nap comparisons (8 comparisons/6 subjects) from the labsleep subgroup, only two were longer after the resting condition as compared to the walk. Of the 48 nap comparisons from the home-sleep subgroup, only one was longer after the resting condition as compared to the walk. The binomial probability for either of these subgroup findings occurring by chance is p<.00000000001. The effect of partial sleep deprivation was not as robust as that for activity. Nine of the 48 comparisons for sleep deprivation in the lab-sleep group (and 14 in the home-sleep group) showed longer sleep latencies after sleep loss as compared to normal sleep. The binomial probability of either of these subgroup findings occurring by chance is less than p<.003. The fact that even the subgroup findings were significant for both subgroups shows both the strength and the generality of the major effects of this study.
These data have both practical and theoretical implications. At the practical level, it is clear that a brief walk can consistently and completely mask sleepiness associated with sleep deprivation. As such, advice to sleepy drivers to get out and walk around the car is certainly appropriate. However, while helpful to sleepy drivers, the masking effect of phasic arousal can be a problem during sleepdeprivation experiments and in the administration of the MSLT.
Important clinical decisions hinge on the outcome of MSLT evaluations. The current data indicate that apparently minor alterations in methodology can have a large impact upon MSLT results. Ss in the current study walked for 5 minutes. However, the degree of activity in this walk may not differ appreciably from that expended by lessphysically-fit patients in a walk to the gift shop, cafeteria, or rest room. It is possible that the walk from the sleep center waiting room to the hookup room to test impedance, and on to the bedroom, produces significant levels of arousal in some patients and has a significant impact on their MSLT results. It is also probable that patients allowed to lie in bed and watch television between MSLT evaluations have a lower level of phasic arousal and will be prone to have shorter latencies. This latter possibility may account for short MSLT latencies in patients who are depressed and withdrawn. Certainly, provision of a constant and controlled environment between MSLT evaluations is important. In sleep-deprivation research studies, activity level is sometimes controlled by having subjects perform long batteries of computer tests (so that subjects remain stable sitting at a desk for long periods) prior to the MSLT. 21 If our interest really is in basal sleepiness, keeping patients awake in bed watching television may be most appropriate. However, this would require careful monitoring of patients. Because normal activity such as standing and walking is almost always present immediately prior to the MSLT, norms without this activity, or with standard activity such as sitting at a desk, might also be required. In the current study, the mean sleep latency for the resting condition was 6.7 minutes (sd 5.2).
On a theoretical level, these data show the impact that phasic arousal can have in masking sleep tendency. The data explain why the ability to maintain wakefulness has been shown to be relatively independent of the ability to fall asleep. 22 It is reasonable to presume that these effects are modulated by the arousal system, 23 and it is clear that both involuntary circadian arousal systems and voluntary state arousal systems play a role in allowing the expression of sleep. The current study was designed to demonstrate the impact of phasic arousal, but much future work will be needed to define the specific components of that system.
The sleep literature indicates that psychomotor tests are typically insensitive to sleep deprivation if they are too short, 6 and many investigators use tests 30-60 minutes in length to improve sensitivity. It is common in sleep-deprivation studies that subjects are requested to be active between test sessions as a means of ensuring wakefulness. Thus, they are similar to Ss in the current study who had walked prior to MSLT. It is therefore not surprising that it is difficult to show effects of sleep loss in the initial minutes of psychomotor tests. Presumably, one could follow the time course and strength of phasic arousal by monitoring performance over a period of time and measuring deterioration as arousal masks sleepiness less and less. In one study of 64 hours of sleep loss, 24 the number of completed addition problems was counted every 2 minutes of the hour-long test. In the first 2 minutes of the test, Ss performed at 99% of their baseline level after 1 night of total sleep loss. However, by minutes 7-8, they completed only 80% of problems (compared to 92% in minutes 7-8 after normal sleep). After 30 minutes of testing, Ss completed 64% of problems following sleep loss compared to 86% following normal sleep. After 60 minutes of testing, Ss completed 62% of their baseline number of problems. The increase in prior wakefulness during the 60-minute test is minimal, so sleepiness remained constant. The current data lead to the hypothesis that addition performance decreased in both baseline and sleep-deprivation conditions as a function of decreasing arousal. About half of the decrease in additions (and thus arousal) occurred in the first 8 minutes of the test, and the remainder occurred by the end of 30 minutes. The authors describe these results in terms of test fatigue, but if test fatigue 24 were the cause of these changes in performance, one would expect relatively little change in the initial part of the test with accelerating changes as fatigue accumulated. As noted, the results showed rapid early changes with little difference on the last half of the test. These addition data are in some ways analogous to the heart-rate data reported in the current study, and also suggest the role of declining physiologic arousal in concert with declining performance.
The current study has shown that allowing moderate activity prior to the MSLT produces results which are much different from those seen when inactivity precedes the test. When Ss had walked prior to the test, average latencies were 13.0 minutes, which would typically be considered within the normal range. When Ss had watched television in bed prior to the test, the average latency was 6.7 minutes, which would be considered borderline pathological sleepiness. If the mean sleep latencies from the baseline resting condition in this study were used diagnostically (ie, mean latency less than 5 minutes), 42% of these normal young adults after 2 nights with sleep time in excess of 7.5 hours would have been diagnosed as having idiopathic hypersomnia. However, if the mean data from the naps on the same day after walking were used diagnostically, none would have been classified as having idiopathic hypersomnia, and 83% (including three subjects who would have been classified with idiopathic hypersomnia after the resting naps) would have been classified as normal (ie, mean latency greater than 10 minutes).
Overall, the results of this study indicate the need for greater sensitivity to the role of physiological arousal in masking the expression of sleepiness in both applied settings and in theoretical constructs of sleepiness and alertness.
